Objectives Approximately 1 % of all malignant solid tumours of the head and neck area are metastases from primary tumours beneath the clavicles. The aim of this study was to analyse the distribution of primary tumours since meta-analyses might have been biased due to the usually extraordinary character of case reports. Materials and Methods All patient files from 1970 to 2012 from the Oral and Maxillofacial Surgery unit at a University Hospital were analysed regarding the existence of metastases to the head and neck area from distant primaries. Results Of the seventy-three patients 18 had breast cancers (25 %), 9 melanomas (12 %), 8 tumours of the kidneys and 8 of the lungs (each 12 %), 3 colon cancers (6 %), 2 prostate cancers (3 %), 2 Ewing sarcomas (3 %), and 1 each of liposarcoma, esophagus, rectum, hepatocellular carcinoma, vulva, ovarian and testicular cancer. In 15 cases, a cancer of unknown primary was diagnosed. In 28 cases the metastasis was the initial sign of the malignant disease. Skeletal metastasis occurred in 37 cases and a soft tissue metastasis in 36 patients. Conclusion The different primaries seem to metastasize in different frequencies to the head and neck area. The relatively common prostate cancer rarely seems to produce metastases in the head and neck area compared to cancers arising in the kidneys. In case of a malignant tumour of unknown primary, osseous metastases most often are caused by breast or lung cancer or renal cell carcinoma. Soft tissue metastases are most often caused by breast cancer.
Introduction
Malignancies of the head and neck region usually arise locally as primary tumours [1] . Approximately 0.002-2 % of all malignancies to the oral and maxillofacial region (OMFR) are metastases from distant primary tumours arising underneath the upper thoracic aperture [2] [3] [4] .
Hematologic and non-lymphatic spread is postulated for most metastases to the OMFR, in which the portal hematogenous way is the most likely. An exclusive spread via this route would not explain the frequent lack of metastasis to the lungs and why some authors see the valveless vertebral venous plexus as an alternative way for tumour cells to reach the OMFR [5] .
Likely regions for metastasis are osseous structures, especially the mandible and its molar and premolar region. Metastasis to the soft tissues is rare and most often occurs in the gingiva. In general the primary tumour is known before detection of the supraclavicular metastasis (SCM) [3] . In about one-third of all patients, the metastasis was the initial sign of the malignant disease, and some of these cases are defined as a cancer of unknown primary (CUP) if there is failure in its detection [3] .
Typical primary tumours causing SCM are breast, lung, kidney, prostate, uterus, stomach, and colon cancer. Some of the primary tumours are disproportionally more often associated with SCM regarding their over-all prevalence; this can be explained by their biological behaviour with metastatic spread in early tumour stages [3] .
It is interesting that there is a great variability between the mostly smaller case series published by the different authors from different countries regarding the distribution of the primary tumours and the site of the metastasis. The differences in the distribution of the primary tumours might be due to different prevalences for the relevant tumours in the different countries. The more frequent occurrence of gingival lesions in developing countries compared to developed countries is explained by the poorer oral hygiene and therefore higher prevalence of oral inflammation that might contribute to the manifestation of SCM in the oral soft tissues [3] .
Unfortunately clinical and radiologic signs are not specific, so that anamnesis and a histological analysis are necessary to find the accurate diagnosis [3] .
Less than 1000 cases of SCM from distant primary tumours have been reported, and most of these are case reports [3] .
The aim of this study was to analyse the distribution of supraclavicular metastases from distant primary tumours regarding the type of primary tumour as well as the metastasis site. Since most of the described cases are case reports, a meta-analysis might be biased due to the extraordinary character of most case reports.
Materials and Methods
To find all patients with a supraclavicular metastasis from a primary tumour located beneath the clavicle and patients with a CUP, all accessible patient data files were reviewed from 1971 to 2012. Data files as of 1971 were accessible. Since the year 2000, all patients have had digital files. All files before 2000 were checked manually for the relevant diseases in the surgical reports, any letters sent to other attending physicians and histological reports. The digital data files were searched with search terms: metastasis, carcinoma, cancer, cancer of unknown primary, tumour, sarcoma, breast, melanoma, skin cancer, NHL, lymphoma, b cell and t-cell. By using unspecific search terms such as metastasis, carcinoma and cancer the authors wanted to find as many patients as possible.
The inclusion criteria were the existence and the histological verification of a metastasis of a distant tumour or a CUP. All patients with CUP were referred to the ENT department for further diagnosis such as panendoscopy, PET, and potential tonsillectomy. Exclusion criteria were metastasis of supraclavicular primary tumours such as metastases from the thyroid gland, lymphomas and other haematologic diseases and patients with systemic spread of the malignant tumor and obvious reason for the tumor in the head and neck area. In addition patient cases without histological verification were excluded.
Collected data were: epidemiologic data, the order of occurrence of the primary tumour and the metastasis, the site of metastasis, symptoms and therapy.
Statistical analysis was performed using the Student's t test, the Chi square test and the exact Fisher's test. A p value \0.05 was considered statistically significant.
Results
Fifty-eight patients had a distant metastasis to the head and neck region and an additional 15 patients had a cancer of unknown primary (CUP). The histological TNM of the primary tumor after therapy was not available.
The distribution of the different primary tumours is given in Table 1 .
The average age at the time of diagnosis of the primary disease was 56 years [15 years SD; men: 56 years (17 years SD); women 56 years (13 years SD); p = 0.58]. At the age of detection of the metastasis (Fig. 1) , the average age for all 73 patients was 59 years [16 years SD; men 58 years (17 years SD); women 60 years (14 years SD); p = 0.98].
In 38 patients the metastasis occurred on the left hand side and in 28 patients on the right hand side. In the remaining seven patients the metastases occurred on both sides.
In 25 out of the 73 cases (34 %) the occurrence of the supraclavicular metastasis was the initial sign of the malignant disease: breast cancer patients (n = 2), patients with lung cancer (n = 5), renal cell carcinoma (n = 2), hepatocellular carcinoma (n = 1) and 15 patients (21 %) with a CUP. On an average the primary tumour was found after 25 days (range 3-150) in the 10 patients (14 %) with no CUP. In three patients the metastasis and the primary tumour were detected on the same day (breast cancer, renal cell cancer and Ewing sarcoma). In 44 (60 %) out of the 73 patients the supraclavicular metastasis occurred after the primary tumour was already known. In these patients the average time span between diagnosis of the primary tumour and the metastasis was 62 months (minimum: 1 day lung cancer, maximum: 24 years in a patient with breast cancer). In one case no data could be found regarding the diagnosis date for the primary tumour (breast cancer patient).
Thirty-three patients had one metastasis in osseous structures, 30 patients had one metastasis in the soft tissues, and 10 patients had more than one metastasis. In all 10 patients the metastases occurred either primarily in osseous structures (4 patients) or in the soft tissues (6 patients).
Forty-three metastases were located in osseous structures ( Fig. 2) : mandible (n = 29, 67 %), the maxilla (n = 4, 9 %), of which one case affected the maxillary sinus, temporomandibular joint and affected the joint socket of the posterior maxilla (n = 2, 5 %), the calvaria (n = 5, 12 %), zygomatic bone (n = 1, 2 %) and the orbit N number of patients, F female, M male, LN lymph node, SG submandibular gland, C cheek, S skin, FM floor of the mouth Fig. 1 Age distribution of patients with a CUP or a metastasis in the head and neck area from a subclavian primary tumour. The average age for the CUP patients was 56 years ± 13. The male patients had an average age of 52 years ± 13 and the female patients an average age of 62 years ± 12 (n = 2, 5 %). Only one side of the head was affected in 36 cases, in three cases the metastasis involved both sides and in three cases the exact position could not be determined retrospectively. Breast and lung cancer and renal cell carcinoma were the most frequent tumours causing osseous metastases (Table 1) .
Forty-two metastases were located in the soft tissues in 36 patients: lymph nodes (n = 34), salivary glands (parotid gland: n = 3; submandibular gland: n = 1), floor of the mouth (n = 1), buccal mucosal membrane (n = 1), skin (n = 2). Breast cancer and melanoma were the most frequent tumours with soft tissue metastases to the head and neck area ( Table 1) .
The most common symptoms mentioned by the patients were swelling (n = 53, 73 %), pain (n = 28, 38 %), paresthesia (n = 16, 22 %), ulcer (n = 5, 7 %), reddish colour (n = 5, 7 %), pathologic fracture (n = 4, 5 %) and lockjaw (n = 4, 5 %); bleeding, loss of appetite and weight, tooth loosening, and smell were present in two patients each.
The therapy consisted of operative resection in combination with chemo-and radiotherapy. The exact treatment is not known in three patients (breast cancer). In 27 no further surgery was performed; the remaining 43 had a surgical excision of the metastasis, and in 31 cases further therapy such as chemotherapy or radiation took place. The 27 patients with no additional surgery received palliative treatment or declined any further treatment other than pain medication.
Thirty-eight (52 %) out of the 73 patients had additional metastases (n = 71) that were not located in the OMFR. In 35 cases (48 %) these metastases were not known before presenting at the Department of Oral and Maxillofacial Surgery. Among the 38 patients, 18 had one more detectable metastasis while the remaining 20 patients had two or more metastases. Nine out of 18 patients with breast cancer, 7 out of 8 patients with renal cell carcinoma, 6 out of 8 with lung cancer, 4 out of 9 with melanoma, 2 out of 3 with colon cancer, 3 out of 15 with a CUP, 1 out of 2 with prostate cancer or Ewing sarcoma and one each with testicular, stomach, hepatocellular or esophagus cancer had further metastases. Thirty metastases were located in the skeletal system and 41 in the soft tissues.
Discussion
This study describes one of the biggest patient collectives worldwide with supraclavicular metastases from subclavian primary tumours. As of the end of 2013, only six studies report more than 20 genuine patients (Table 2) . A systematic literature review analysing all publications in English or Chinese up to 2007 by a Chinese research group found only five articles with more than 20 patients and another 4 with more than 10 patients. Most articles are case reports, e.g. in the review more than 400 single case reports were analysed [3] .
Therefore due to the large proportion of case reports published in the international literature, there might be a bias in the distribution as there might be a tendency to report rare and spectacular cases (Table 3) .
Comparing this study's results with the literature review dealing with metastases to the head and neck area from primary tumours underneath the clavicle [3] shows that this study's patient population has significantly (p = 0.001) more patients with breast cancer (31 %; review: 15 %) and malignant melanoma (p \ 0.001; 16 %; review: 3 %). The most frequent tumours in the review are lung cancer (19 %), breast cancer (15 %) and renal carcinomas (13 %). The most frequent tumours of this study are breast cancer (31 %), melanoma (16 %) and lung cancer (14 %).
Very interesting is the subclientel of 25 patients where the metastasis was the overall initial sign of the malignant disease. Next to the 15 CUP patients, where even due to further diagnosis and therapy the primary tumor stayed occult the most common cancers were lung, breast and renal cell carcinoma and therefore those tumors that have been described most often in the literature as well [3] . A possible conclusion could be that some tumors such as lung cancer and renal cell carcinoma spread in earlier stages to the head and neck region and others such as malignant melanoma in later stages.
In addition some tumours with a rather low prevalence rate cause metastases in the head and neck area more often than others with a higher prevalence. For example the nonage-adjusted incidence rate for lung cancer in Germany is 84.4 in 100,000 for men and 37.2 in 100,000 for women [6] . The numbers for tumours in the kidney are 22.3 and 13.3 in 100,000 for men and women respectively [6] . However, the rates of metastases do not correlate with these numbers since lung cancer and kidney tumours have the same number of metastases in the present study. Not taking the still very small patient numbers into account, another tumour-specific cause must be present. In advanced tumour stages, circulating tumour cells can be detected throughout the blood system but it is not completely understood at what point in time and where these cells form a metastasis [7] . A first theory for breast cancer was described as the seed and soil theory in 1889 by Paget [8] :
The seed referring to the circulating tumour cell and the soil referring to a tumour-specific preferred site of metastases. In addition to the circulatory flow, the filter function of each organ and a genomic instability of the tumour, thereby possibly forming a heterogeneous population of circulating tumour cells, might be responsible for the distribution of metastases' frequency and location [7, 9] . On the other side patients with lung cancer frequently become symptomatic early and due to the incurable characteristics of this disease secondary resections might be rare whereas in renal cancer the course of the disease is much longer and patients with a supraclavicular mass and potentially metastasis are more likely to be referred to an oral and maxillofacial department.
In the head and neck area, two additional anatomic characteristics might be of importance in the occurrence of metastasis: The thoracic duct that enters the venous system on the left-hand side of the neck at the junction of the subclavian and the internal jugular vein and the Batson venous plexus as a valveless venous plexus connecting pelvic, thoracic and deep vertebral plexus veins. Metastatic spread is possible via both systems, explaining the frequent lack of lung metastases in patients with metastases to the head and neck area since, via the normal route, the tumourcontaining blood would first pass the lungs most probably causing metastases to the lung itself [10] .
Although in most cases a cervical mass is the pathological symptom in the head and neck area [11] , in some cases the primary stays occult. The finding of a supraclavicular metastasis associated to an infraclavicular cancer overall remains a rare event. In our patient cohort in most cases an underlying tumor was found, however in approximately 20 % of cases no primary site could be identified. With the increasing therapeutic options histologic confirmation of the tissue of origin is a key challenge to guide further treatment. Isolated supraclavicular masses can potentially be caused by distant primary tumours. Due to the unspecific symptoms, histological clarification is crucial.
Needless to say but a retrospective study like the present one comes along with limitations as well. Although using unspecific search terms such as metastasis, cancer and tumor it might be that not all patients that potentially could have been included were detected. Next to this there might be an additional bias since many patients with similar symptoms might be treated by the ENT department. Therefore a multidisciplinary and perhaps multicentre study would be desirable.
Conclusion
Different primaries metastasize in different frequencies to the head and neck area. In case of an osseous metastasis breast cancer, lung cancer and renal cell carcinoma are likely primary diseases; in case of soft tissue metastases breast cancer and melanoma are most frequent causes. CUP still is one of the most complex challenges regarding the The line cases has two numbers. The first number is the one reported in the publication. The second number is the number of cases after the exclusion and inclusion criteria of the present study were applied, meaning that only subclavian primary tumours were included and hematologic tumours were excluded. The number behind each disease gives the number of patients. The diseases are ordered by the number of patients. The fields of the three most common diseases are filled in difference emphasis for better comparison: lung, breast, and kidney. All tumours with at least two cases are shown. Only for the literature review, a cut off was performed MRS male reproductive system, FRS female reproductive system treatment since the primary site of the tumor by definition is unknown. Therefore prevention is not really possible. A follow-up is crucial to detect further metastases as soon as possible to obtain the best prognosis for the patients.
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